ABSTRACT
Introduction
The attainment of self sufficiency in foodgrain was one of the most important objectives during 70's and 80's in the history of Indian agriculture. A significant acceleration in growth of output and productivity was observed in agriculture in India during 80's. However, the gains from productivity have been uneven across regions in the country. In India the gains from improved productivity in agriculture have not been translated into significant higher levels of economic development especially in rural areas. Moreover, during 90's, in the reform era, situation still deteriorated leading to substantial deceleration in agricultural output and productivity. The deceleration in agricultural production affected the rural poor adversely increasing inequality further. Several factors have been pointed out for the unevenness and deceleration in agricultural development. They are variability in weather condition across regions, varied agro-climatic factors, varying levels of resource base, irrigation facility and varied infrastructural development across regions and high population pressure in rural areas. The important question is to what extent the above factors are responsible for creating divergence in agricultural development.
There is a plethora of literature about the growth, instability, cropping pattern and interstate difference in agriculture in India. Several studies such as Rao (1975) , Mehra (1981) , Desai and Hazell, 1982, etc. have pointed out that the new strategy of agricultural production based on High Yielding Varieties (HYV) seed fertilizer technology has contributed to the growth in production and productivity in India. In an in-depth study, Bhalla and Singh (2009) showed that a marked acceleration took place in both the output and yield growth rate in agriculture during 1980-83 to 1992-95 . This result was supported by many authors like Sawant and Achuthan (1995) claiming that the yield rate of both food grain and non-food grain crops accelerated significantly along with output growth during 80's. However, these studies also observed marked deceleration in the level and trend growth rate of output and yield during 90's.Several attempts have been made in the literature to identify the factors causing the deceleration trends in agricultural growth in India. About convergence/ divergence of agricultural growth across Indian states, the study by Kalirajan et al. (1998) found the long term divergence and cyclical pattern in agricultural growth. Ghosh (2006) also found absolute divergence and conditional convergence in agricultural growth in India.
Under this backdrop, this study analyses the trend and disparity in the rate of growth of value of output and yield in agriculture in India since1970's with explicit focuses on the phases of green revolution and new economic reform. The study also focuses on the nature of convergence/divergence in the growth rate of the per capita value of agricultural output of Indian states for identifying the factors that are responsible behind the disparity in agricultural performances in India.
This paper is divided into four sections. Section 2 deals with data sources and methodology used in this study. Section 3 discusses the results obtained in this study in respect of growth rates, construction of agricultural indices and the convergence results obtained. Section 4 presents the concluding remarks.
Data Sources and Methods

Data Sources
The period of the study covers 38 years period from 1970-71 to 2007-08. Twenty 
Methodology
The statistical and econometric methodologies those have been followed in this study can be summarized under three headings relating to the estimation of growth, construction of agriculture infrastructure index and convergence analysis in dynamic panel data framework.
Growth Estimation
For consumption of growth rates of value of agricultural output and productivity the trend growth rates have been computed. The equation used for computing exponential growth rates is lnY 1 =a+bt+u t Where Y t is the index of agricultural output or productivity, a is constant and t is the time in years and the u t is the error term. The estimates of the coefficient b are taken as estimates of annual exponential growth.
For measuring the growth rate in pre-reform period the kinked exponential growth rates have been computed. The equation for kinked exponential growth rate with a single kink is lnY t= a+b 1 D 1 t+b 2 D 2 t+ut (Boyce, 1987) .
Construction of Composite Index of Agricultural Infrastructure (CIAI)
For measuring disparity among the states in respect of agricultural infrastructural indicators, a composite index has been computed. The Composite Index of Agricultural Infrastructure is computed by using deprivation method. Eight indicators relating to agricultural development have been chosen to construct the index. The steps taken for computation of the index are follows.
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Convergence Analysis in Cross Section and Panel Data Framework
According to Barro and Salai-Martin there are two notions of convergence, convergence and β convergence. convergence measure the behaviour of cross sectioanal dispersion of a particular variable overtime, Whereas β convergence (absolute) examines whether the low growth states would be able to grow at a faster rate than the richer one and thereby catch up the richer states. [Barro and Sala-i-Martin, 1991 ,1992 . Conditional β convergence is perceptible only after other factors that may cause variation in steady states across regions are accounted for (Ghosh, 2006) . In this paper ,the panel data specification has been used to examine the conditional convergence of PCVOA. Here the Generalised method of moments estimation technique has been used. GMM estimation technique overcomes the twin problems of correlation between the explanatory variable and endogeneity. The method of GMM is to take the first difference of the basic growth equation to eliminate the fixed regional effects and then use instrumental variables estimation to address the correlation between the differenced lagged dependent variable and the included first order moving average error term (Arellano and Bond, 1991) .
Results and Discussion
Growth Performance of Indian States in Agriculture
The growth performance of the states has been analyzed considering three distinct phases of agricultural development in India viz the first phase of green revolution 1970-71 to 1979-80, second phase of green revolution 1980-81 to 1990-91, and the period after economic reform 1991-92 to 2007-08). The exponential growth 2 rates of value of output and productivity for the country during the whole period (1970-71 to 2005-06) revealed that all India agricultural output and yield grew at the rate of 2.6% and 1.43% respectively. The states like Haryana (3.46%), Madhya Pradesh (3.38), Rajasthan (3.36%), Goa (3.3%) and West Bengal (3.24%) achieved higher growth in the level of output whereas the states like Madhya Pradesh (2.81%), Rajasthan (2.5%), Haryana (2.5%), Punjab (2.12%) and Uttar Pradesh (2.04%) registered higher growth in productivity during the entire period. The performance of the state of Jammu and Kashmir remained poor in both respects during the whole period. The study revealed that the performance of the Indian agriculture during the first phase of green revolution (1970-71 to 1979-80) was not extraordinary. All India growth for the agricultural output and yield during this period was recorded as 1.88% and 1.48% per annum respectively. However, during this time period few states achieved outstanding growth in the rete of output and yield. In the level of output, the states like Manipur (6.46%), Arunachal Pradesh (5.9%), Maharashtra (5.78%), Punjab (5.43%) and Haryana (3.36%) performed significantly well, whereas in case of yield the states Punjab, Maharashtra, Manipur achieved significant growth. In fact, during this period the effect of green revolution was not widespread all over the country. This is evident from the observed lower growth rate of other states like Andhra Pradesh, Madhya Pradesh, Kerala, Rajasthan, Orissa, Bihar, Karnataka and Jammu and Kashmir in both output and yield. The effect of green revolution was visible from the second phase of green revolution, form the period 1980-81 to 1990-91. It has been observed from the kinked exponential growth rate (see Table 1 and Table 2 ) that all India agricultural performance registered an unprecedented improvement in both output and yield growth during the second phase of green revolution. The kinked exponential growth rate of value of output and yield for India were 3.34% and 3.38% per annum respectively during this period. Most of the states grew at an accelerated rate in both output and yield during this period. The states such as Tamil Nadu (5.46%), West Bengal (5.25%), Rajasthan (5.5%), Punjab (4.9%), Haryana (4.78%) and Madhya Pradesh (4.62%) achieved outstanding growth in agricultural output and the states of Punjab (6.38), Haryana (6.29), Madhya Pradesh (6.11) and West Bengal (5.48) achieved remarkable growth in yield rate. Moreover, during this period the states of different regions i.e, West Bengal of eastern region, Rajasthan of central region, Tamil Nadu of Southern region contributed to the higher Growth rate in India. Most other states except a few registered higher growth compared to the previous period during the second period. However, it has been observed from this study that the phase of outstanding growth could not be sustained till the reform period. The agricultural output and yield growth of the country experienced a severe slowdown during the post reform period. All India growth in output and yield rate declined to 2% and 1.16% per annum during this period compared to 3.34% and 3.38% in the previous period. Except the states Maharashtra, Gujarat and Goa, all the states experienced a significant deceleration in both output and yield growth in the reform period. Some states also registered negative growth during this period. In fact, according to many researchers the most important factor for this agricultural downturn may be the result of slowdown of food grain production in the post reform period in India. Since food grain comprises nearly 60% of the total crop output in India and majority of the states are dependent on production of food grain, the deceleration in food grain production is reflected in the result of growth of value of crop output. Thus, the results establish that there was a significant acceleration in growth rate in the value of output and yield during the 2 nd phase of green revolution but the post liberalization period has marked a sign of depression both in agricultural output and its yield rate in India. Our findings conform to the previous empirical studies by Bhalla and Singh and others. In a comprehensive study about the growth and regional disparity of Indian states in respect of agricultural output, yield and area, Bhalla and Singh (2009) argued that increase in regional disparity during the first phase of green revolution (1971-81) was followed by decline in the same during the second phase of green revolution due to the spread effect of HYV technology. However, the post liberalization period (since 1991) witnessed the continuous decline in growth rates in Indian Agriculture. This result was supported by the authors like Mathur et al., 2006 , Mahendradev (1987 , Janaiah et al. (2005) and Chand et al. (2007) ). According to these authors the factors like the slowdown in growth of fertilizer use, declining irrigation intensity, reduction of energy use and lack in the adoption of modern techniques were considered to be attributable to the deceleration in the trends of agricultural growth in India during 90's (Mathur et al., 2006 , Mahendradev (1987 , Janaiah et al. (2005) , Chand et al. (2007) .
Regional Disparity in Agricultural Infrastructure in India: An Interstate Analysis
India is characterized by wide regional variation in agro-climatic condition. Agricultural output in different region is varied due to varied agroclimatic factors, physical resource endowment and also varying level of investment in rural infrastructure and technological innovation 3 . The regional variation in agricultural infrastructure and the use of agricultural inputs in India is quite high.
To provide a clear picture, a composite index of agricultural infrastructure has been constructed by 'Deprivation Method' to explore the disparity in agricultural infrastructure across the states of India methodology of constructing the index was explained in the methodology section. The result of the index and the subsequent rank of the states according to the index are presented in Table 3 . From the table it is clear that there exists a widespread disparity among states in respect of the distribution of agricultural inputs in India. The advanced states consistently enjoyed the benefit of better agricultural infrastructure throughout the period under study. For example the states like Punjab, Haryana, Uttar Pradesh, Tamil Nadu and Andhra Pradesh occupied the top positions according to the rank of the index whereas the states Assam, Himachal Pradesh and Orissa lagged behind throughout the period. Assam and Orissa remained at the bottom two throughout the study period. The states like Kerala, Karnataka, Gujarat, Maharashtra, Rajasthan and West Bengal occupied middle positions during the periods under study. The states of Jammu and Kashmir deteriorated to a large extent as its position slipped from 9 th in 1980-81 to 14 th in 2007-08 during the whole period. The reverse is happened for Madhya Pradesh as its position improved from 16.5 in 1980-81 to 12 th in 2007-08 respectively. Thus from the result of composite index it can be said that wide disparity had remained in the distribution of agricultural infrastructure across states of India during the study period. 
Agricultural Growth in India: A Convergence Analysis
Several attempts have been made in India to explain the nature of convergence in agricultural growth. Kalirajan et al. (1998) , found wide regional divergence in agricultural production and productivity in India. According to them, the investment climate in agriculture and operation of both the supply and demand factors are responsible for slowing down of growth rates and the regional divergence in agricultural production and productivity. Similarly, Ghosh (2006) in his study found absolute β and σ divergence in land productivity, labour productivity and per capita agricultural output across states after the dissemination of new HYV technology and large scale economic reforms. He also found conditional convergence in agricultural development taking human capital, physical capital and rural infrastructure as conditional variable. Under this backdrop, to analyze the nature of convergence/divergence in agricultural output, this study tested sigma convergence and absolute β convergence over the period 1970-71 to 2007-08 for major Indian states. Using the GMM technique, conditional convergence of PCVOA has also been tested in a dynamic panel data framework.
Sigma (σ) convergence is tested by computing the standard deviation of logarithm of Per Capita Value of Agricultural output across regions. The result is displayed in Figure 1 In the second step, to reaffirm the divergence in PCVOA, absolute β convergence is tested. β convergence is tested by regressing the growth rate of PCVOA on initial level of PCVOA. The regression equation used for this analysis is follows. 6 1970-71 1973-74 1976-77 1979-80 1982-83 1985-86 1988-89 1991-92 1994-95 1997- 
Gi,t,t- = [ln(Yi,t) -ln(Yi,t-)]/ =
 + ln(Yi,t-) + i,t (1)
Gi,t,t- is i
th region's average growth rate of PCVOA between the period t and t-.ln (Yi,t) and ln (Yi, t-) are the natural logarithm of i th region's PCVOA at time t and t- respectively. -length of the time period. Negative sign of regression coefficient implies absolute  convergence, otherwise divergence Ghosh (2006) . In this analysis, four regressions have been fittedone for whole period, other two for pre and post reform period and the last one for the last decade i.e. for the period 2000-01 to 2008-09. The result for absolute β convergence is depicted in the Table 4 . The results show positive β coefficient for the whole period and the sub-periods. This implies absolute β divergence in PCVOA over all periods. Thus the result of both sigma and β convergence analysis indicated a sign of divergence in agricultural performance across states in the country.
In the absence of absolute convergence of PCVOA over the period, the conditional convergence for the same has been tested for the period 1980-81 to 2007-08 in a panel data framework using the GMM estimation technique. The chosen explanatory variables are the rainfall of different states, composite index of agricultural infrastructure (CIAI) and literacy rate. A panel of four years has been used. Therefore, there are 7 panels and 16 states. The total number of observation for 16 states becomes 112 and the GMM estimation method is used. The regression equation that has been fitted here is
The result of the conditional convergence analysis is displayed in Table 5 . In the GMM estimation analysis, the coefficient of 1+β becomes 0.104 i.e. the estimated coefficient of β is -0.896 which is significant at 10% level. This implies conditional β convergence. It is revealed from the result that the coefficient of CIAI and the coefficient on rainfall are positive and highly significant. The coefficient of literacy rate is also significant but at 14% level. Thus the result implies that the variation in the provision of agricultural infrastructure across states played the dominant role in widening the gap in per capita value of agricultural output across states. It is also revealed from the result that Indian states are converging to their own steady states. Actually the states are converging to divergent steady states. 
Reasons for Divergence in PCVOA in India
In the preceding analysis it has been observed that the crucial determinants of difference in agricultural growth across states of India are mainly agricultural infrastructure and rainfall. Moreover, several studies stated that the disproportionate distribution of government investment was one of the reasons behind the regional divergence in the agricultural infrastructure and hence growth of agricultural production in India (Kalirajan et al. (1998) , Bhalla and Singh, 2009, Ghosh (2006) ). This section makes an attempt to examine the role of public investment in the creation of agricultural infrastructure across the states of India. In order to infer about the distribution of public investment in agriculture across states, a variable (per capita capital expenditure by the government (PCCE)) has been taken as a proxy for public investment. PCCE has been regressed on CIAI in the fixed effect framework 5 . The result (see Table 6 ) shows a statistically significant positive relationship between the two. The above result implies that the distribution of public investment has been made in favour of agriculturally developed states. Again to know about the distribution of private investment in agriculture across states the variable, per capita loans sanction by the AIFI to states (PCLS) has been regressed on CIAI. Again, the positive and significant relation between the two ensures that private investment is also biased towards agriculturally developed states (see Table 7 ). It is natural that private investment is also generally flows to the states where returns would be high. Accordingly, making investment in already developed states would be profitable. Therefore the skewed distributions of public and private investment along with difference in weather were the possible reasons for agricultural divergence in Indian states. Some recent studies by Yang and Zhu (2004) and Tiffin and Irz, 2006 find agriculture as an important cause for economic growth and conclude that economic growth cannot be sustained without improving agricultural productivity. To enquire about whether the regional difference in agricultural infrastructure has any role to play in explaining divergence in PCNSDP, PCNSDP of states is regressed on CIAI (see Table 8 ). It is established from regression result that PCNSDP is high where CIAI is high. This implies that a state with provision of better agricultural infrastructure can enjoy higher level of economic growth. Thus it is clear from the above results that unequal distribution of public and private investment across states was one of the most important reasons behind the regional disparity in agricultural infrastructure in India. This regional divergence in agricultural infrastructure, in turn held responsible for divergence in agricultural and economic growth in the country.
Conclusion
This study makes an attempt to examine the performance of major Indian states in the level of agricultural development and also disparity prevailing across states in terms of agricultural performance. The estimated exponential and kinked exponential growth rates of value of agricultural output and yield for three periods reveal that the outstanding and remarkable growth which was observed by Indian states during 80's has been deteriorated significantly during 90's. The construction of CIAI however shows a high degree of regional variation in agricultural infrastructures across states of India. The ranking structure of CIAI indicates that the states with developed infrastructure performed much better in growth of agricultural output and productivity in all the periods. Finally, the convergence analysis depicts the evidence of both σ divergence and absolute β divergence in PCVOA for the period 1980-81 to 2007-08. The result shows robust evidence of conditional β convergence. It has been established that agricultural infrastructure across states is highly uneven in the country. Moreover, the disproportionate distributions of public and private investment in favour of agriculturally developed states are found to be responsible for wide disparity in agricultural performances in India which, in turn, is considered to be responsible for wide disparity in the per capita net state domestic product across states in India.
